In recent years, solving environmental problems have been looked forward from various viewpoints. In the materials development, practical applications of Ecomaterials are desired. Ecomaterials such as Woodceramics is a material in harmony with ecosystem in consideration of material circulation, and is promising for application to various fields such as moisture sensor and electromagnetic shielding materials and so on. To clarify the structure and thermophysical characteristics of Woodceramics, we used Fourier transformation infrared spectrophotometry and elemental analysis to examine the variation due to differences in raw materials and burning temperatures. It is shown that the carbonizing process of Woodceramics can be classified to three ranges, and that the advancement of graphite crystallization starts from around 1073 K of burning temperature.
Introduction
Following the advancement of science and technological development, consumption of materials has expanded, resulting in rapid progress of resources depletion on a global scale. Woodceramics is an Ecomaterial with very little effect on global environment, in which attention is paid to its manufacturing process from raw material collection to product, and further up to the process of treatment including the recycling of product after consumption. We have been studied the thermophysical properties, mechanical properties, practical uses, and so on. [1] [2] [3] [4] [5] However, the detailed structure of Woodceramics that affects the physical properties remains unknown.
Woodceramics is a material made by impregnating phenolic resin into medium density fiberboard (MDF), which is used as a construction material, followed by burning it in vacuum. It is a compound material having an amorphous structure originated from natural wood and a glass type amorphous structure originated from phenolic resin.
6) The thermal curing of phenol resin is considered due to the constraint of molecule transfer in the time of being carbon precursors. Carbon precursor in organic compounds is a very interesting research subject for considering the characteristics of a material, since it gives a large effect on the formation of a final structure. 7) In this paper, the authors elucidated the relationship of the carbonizing process of Woodceramics with the structure and characteristics of a material, focusing our attention on the characteristic absorbance of molecular vibration during infrared ray absorption. The burning process was tracked by Fourier transformation infrared spectrophotometry. We also examined composition change dependence on the burning temperatures of Woodceramics by elemental analysis, to obtain the result that supports the measurement by Fourier transformation infrared spectrophotometry.
Experimental

Specimen
Woodceramics can be obtained by impregnating thermosetting resin into wood or woody material as a main raw material, followed by burning it in a vacuum furnace. 1) As the raw woody material for Woodceramics, medium density fiberboard (MDF), which has uniform quality, many pores, and good impregnation performance, was used. This MDF 8) is stipulated by Japanese Industrial Standard as a fiberboard with a density between 0.4 and 0.8 g/cm 3 , and the raw material used this time was a single layer MDF composed of Pinus radiata of coniferous trees.
Raw materials were supplied by Tohoku Chemical Co., Ltd., and used as specimens after burning in a vacuum furnace. The impregnation ratio of phenolic resin (PX-1600 made by Honen Corp.) was 1:1 by mass ratio. The materials used as specimens were as follows: untreated MDF, MDF impregnated with phenolic resin, and Woodceramics burned at 473 K, 573 K, 673 K, 773 K, 873 K, 973 K and 1073 K respectively.
2.2 Experimental procedure 2.2.1 Fourier transformation infrared spectrophotometry (FT-IR) For measurement of infrared ray transmittance, KBr tablet method was adopted. As a measuring instrument, FT/IR 410 of JASCO Corp. was used. KBr and a specimen each were pulverized with an agate mortar and materials that passed a JIS standard sieve with an opening of 75 mm were sampled. For mixing both materials, an agate mortar was also used. A mixed specimen was prepared by adding 0.1 mg of specimen powder to 100 mg of KBr powder. After mixing, the mixed powder was pressed with a tablet formation press in a thin film shape for use in measurement of spectrum by the transmission method.
In this experiment, the infrared ray transmittance spectrum of a KBr tablet of 100 mg was used as a background. The spectrum of specimens prepared by this method was used as infrared transmittance spectrum after normalizing by subtracting the background spectrum.
Elemental analysis
For elemental analysis, an elemental analyzer of CHN CORDER MT-6 made by YANACO Analytical Instruments Corp. was used. While oxygen and helium as a carrier gas were passed into the apparatus, heat a combustion tube, a specimen was completely burned using copper oxide as an oxidizing agent. Using a moisture absorption tube and a carbon dioxide absorption tube to eliminate water and carbon dioxide in the mixture gas, nitrogen was separated. From the weight measurement of these materials, the contents of carbon, hydrogen and nitrogen were calculated. Substances other than carbon dioxide, nitrogen and the water containing in the specimen were completely eliminated in an absorption furnace and a reduction furnace.
A specimen was pulverized in an agate mortar and the powder that passed a JIS standard sieve with an opening of 150 mm was used. A specimen of about 2 mg was precisely weighed with an electronic balance and set on a platinum boat. A guide rod was used for mounting the specimen to the inside of a combustion tube, and measurement was carried out following the installed program.
In this analysis, the specimens burned at 1173 K and 1473 K were added to the ones used in the measurement of FT-IR. Figure 1 shows the measurement result of FT-IR. Remarkable difference was not recognized between the results of an unburned specimen and a specimen burned at 473 K. When temperature was raised from 473 to 573 K, a peak at 1210 cm À1 started appearing. In structural change following the burning process of phenolic resin, the formation of C=O structure starts at 573 K of burning temperature. 9) Since the wave number around 1210 cm À1 is considered the stretching vibration of C=O, this peak seems to have reflected the formation of C=O structure in the burning process of phenolic resin. 9) When the burning temperature was raised to 673 K, the peak of the stretching vibration of OH group at near 3400 cm À1 and that of CH group at near 2900 cm À1 considerably decreased. The peak of CH group at near 2900 cm À1 seemed consisting of 2860 cm À1 and 2920 cm À1 of aliphatic CH group and 3020 cm À1 of aromatic CH group. 11) When temperature was raised to 873 K, OH group peak at 3450 cm À1 and CH group peak at around 2900 cm À1 completely disappeared, and the peak at 1210 cm À1 also disappeared. The peak at 760 cm À1 clearly remained and the peaks at 830 cm À1 and 890 cm À1 started appearing distinctly. These three peaks are considered originated from aromatic ring structure. It is considered that the peak of 890 cm À1 is due to the in-plane vibration of aromatic ring, and the peaks of 830 cm À1 and 760 cm À1 are due to the CH out-of-plane vibration of aromatic ring: The peak at 830 cm À1 is due to two adjacent CH and the peak at 760 cm À1 is due to four adjacent CH. In addition, it seems that a peak has appeared at 1600 cm À1 , and this may be due to the CC stretching vibration of aromatic ring. 10, 12) From the above phenomena, aromatization is considered under proceeding around 873 K of burning temperature.
Results and Discussion
Fourier transformation infrared spectrophotometry
When temperature was raised to 973 K, the peak due to the skeletal vibration of aromatic ring at 1600 cm À1 disappeared, and only the peak at 760 cm À1 remained. This phenomenon is considered due to that the aromatic ring structures, which were extensively formed above 873 K, started to combine with adjacent rings each other, promoting polycyclization. When temperature was raised to 1073 K, the peak at 760 cm À1 also disappeared leaving no remarkable peak at all. From this observation, it is considered that from around 973 K of burning temperature, polycyclization of aromatic compounds, namely graphite crystallization, started to occur.
These results support our results of the thermo-gravimetry and differential thermal analysis (TG-DTA) and the differential scanning calorimetry (DSC) measurement. 1, 2) The intrinsic OH of phenol is identified at between 3650-3600 cm À1 . It seems that the absorption due to inter-molecular chelate H bridge (3200-2700 cm À1 ) was released at comparatively low temperatures (473-573 K), while intrinsic OH remained at relatively high temperature (773 K). Phenolic OH is degraded at between 573 to 823 K, and the release of van der Waals force and hydrogen bond occurs at between 423 to 573 K. 10) In this temperature range, phenol is considered to have the same tendency as the case of coal. In addition, the peak at 1210 cm À1 is considered due to C-O stretching vibration. Specifically, this peak is considered due to the C-O single bond of ether, etc., or that of phenolic structure. 8) It is considered that the peaks at 2920 cm À1 and 2860 cm À1 are due to the stretching vibration of C-H, and the peaks at 760 cm À1 and 890 cm À1 are due to the out-of-plane deformation vibration of CH. Regarding C-H stretching vibration, the presence of methyl group or methylene group is expected. In addition, C-H out-of-plane deformation vibration is dependent on the number of absorbents, and its position is dependent on the number of adjacent hydrogen atoms inside the ring, showing the degree of replacement of rings. After the disappearance of these peaks, at 873 K of burning temperature, a broad peak at near 1600 cm À1 that is considered to show the skeletal vibration due to the C=C stretching vibration of aromatic ring was confirmed. 8, 10) These phenomena are considered to show the process of aromatic ring formation inside Woodceramics specimens and the successive progress leading to the development of aromatic planes. Figure 2 shows the measurement result of elemental analysis. Figure 2 (a) indicates the mass ratio of carbon, hydrogen, and nitrogen atoms in the total mass of a specimen. Even at burning temperature exceeding 1073 K, 10% of un-carbonized components were recognized. Figure 2(b) indicates the existing ratio of hydrogen and carbon atoms against 100 parts of carbon atoms. As burning temperature was raised, the ratio of carbon atoms in Woodceramics increased. We pointed out that decrease in hydrogen atoms was corresponding to the generation of gas separated by thermal degradation. 2, 5) Decrease in hydrogen atoms against carbon atoms suggests the abundance of hydrocarbons with low molecular weight. It is considered that as the ratio of hydrogen decreases, the following changes occur: change of the single bonds of hydrocarbons to double bonds, and change and development of hydrocarbons with low molecular weight to chain form, cyclic form, and aromatic ring form. 8, 10) Carbon materials which are heat treated at higher temperature above 1173 K generally have a quite number of unsaturated bond due to the elimination of impurities such as hydrogen and oxygen. And the electrons are trapped in there, the Fermi level gradually falls into localized states of the valence band, and then the type of carrier changes from the hole to the electron.
Elemental analysis
13) The electronic structure of amorphous carbon and hydrogenated amorphous carbon has found through calculations on a number of model structures containing different configurations of sp 2 and sp 3 sites. 14) The most stable arrangement of sp 2 sites will be in compact clusters of fused six-fold rings, i.e. graphitic layers, in conjunction with forming aromatic ring. 8, 10, 14) These arguments agree qualitatively with our measurement of electrical resistance 15) and the elemental analysis shown in Fig. 2 . The electrical structure of amorphous carbon and hydrogenated amorphous carbon seems to depend on their degree of medium-range order, rather than just on their short-range order as is the case in most amorphous semiconductors. 14, 15) We will report that these results correspond to the result of electrical resistance measurement, and are interesting for the purpose of investigating the change of components and the mechanism of electronic scattering. 15, 16) 
Conclusions
In the range of low burning temperatures, although visual change such as blackening is seen, it is expected that structural and characteristic changes do not occur. On the contrary, in the range of high burning temperatures, reactive hydrogen disappears, and graphite crystallization proceeds through changes in bonding form among carbons. The infrared spectrum of MDF and Woodceramics shown in Fig. 1 can be discussed by dividing the range to three groups.
(1) In the spectrum of MDF and Woodceramics burned under 473 K, the peaks at 830 cm À1 and 760 À1 appear due to the impregnation of phenolic resin, and other remarkable changes do not occur. These three peaks do not change even though temperature is raised to 473 K. In short, in this temperature range, no chemical and structural changes occur in the components originated from wood and phenolic resin. (2) In Woodceramics burned at between 573 K and 773 K, a new peak at 1210 cm À1 appears when burning temperature raise from a low point to a next point. In this range of temperature, components originated from wood start to suffer thermal degradation. (3) In the Woodceramics burned at between 873 K and Fig. 2 The result of elemental analysis of MDF and Woodceramics.
Fourier Transformation Infrared Spectrophotometry and Elemental Analysis of Woodceramics1073 K, according to elemental analysis, the mass of hydrogen element decrease to 10% or less of the mass of carbon element. The infrared active absorption is limited to peaks that are considered due to aromatic ring and its adjacent hydrogen, and these peaks also gradually disappear. This shows that among hydrogen atoms independently existing adjacent to aromatic ring, no reactive hydrogen atoms exist. By this observation, the growth of aromatic ring planes and increase in three-dimensional cross-linking structure of phenol resin inside Woodceramic specimens are predicted.
It is confirmed that the release of constituting components proceed as burning temperature is raised, aromatization occurs at 873 K of burning temperature, and that infrared active un-carbonized components exist up to 973 K of burning temperature. At 1073 K of burning temperature, carbonization process has already entered its final stage, and it was confirmed that functional groups liable to be detected by FT-IR have not remained.
Woodceramics burned at relatively low temperatures which have been tested in this experiment attract attention from the viewpoint of adsorption characteristic. Woodceramics is promising for application to adsorbents or moisture sensors due to its porous structure. In particular, since Woodceramics with relatively low burning temperatures retains various functional groups in its ring structure, it is promising for performing selective adsorption function.
